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III-V COMPOUNDS 
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Laboratoire de Structure et Propriétés de l'Etat Solide (L.A. 2i4 C.H.R.S.), 
Université des Sciences et Techniques de Lille, 59655 Villeneuve d'Ascq Cedex, 
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Résumé - L'analyse des rassures galvananagnétiques et des spectres d'absorption 
optique obtenus sur lés composés III-V contenant des dislocations montre que 
les états d'énergie associés aux dislocations dépendent de façon autccohérente 
de leur taux d'occupation. Dans le cas d'une forte localisation de ces niveaux 
la position du niveau effectif peut être évaluée dans l'hypothèse du déplace­
ment rigide du niveau neutre, proposé initialenient par Read. Dans les autres 
cas, une description grossière de la position de ces niveaux peut être obtenue 
en introduisant un paramètre de délocalisation dans le but de diminuer l'am­
plitude du déplacement rigide de la bande de dislocation. 

Abstract - The analysis of transport measurements and optical absorption spec­
tra performed en III-V compounds containing dislocations show that the dislo­
cation energy states self consistently depend on their occupation rate. In the 
limit of a strong localization of the dislocation energy states, the position 
of these effective levels can be evaluated by using the hypothesis of the ri­
gid shift of the neutral level as initially proposed by Read. In other cases, 
a rough description of the effective levels can be obtained by introducing a 
delocalization parameter in order to reduce the strength of the rigid shift. 

I - A SHORT REVIEW 

The original idea to associate electron energy states to dislocations in semiconduc­
tors carre from the experimental pionner works by Pearson, Read and Marin [ 1 ] who es­
tablished, by means of galvanomagnetic measurements, that dislocations vere able to 
modify as well the free carrier density as their mobility. Analysis of Hall data 
shew that the occupation statistics of such levels did not possess the same beha­
viour than impurity levels. Indeed dislocation states are periodically distributed 
all along the dislocation lines and mixe to forme one-dimsnsionnal energy bands. As 
a result, trapped carriers can delocalize and transform dislocations into charged 
wires. Two consequences were expected from the last point : i) trapped carriers in­
teract electrostatically, creating, that way, an extra amount of energy which has to 
be taken into account for the occupation statistics calculations ; ii) the Coulomb 
potential of the charged lines was seen, at least for covalent semiconductors to be 
the main scattering potential for the free carriers. 

In very clarifying papers [2,3] Read established, theoretically, the main features 
for dislocation occupation statistics and its consequences. For a very long period 
after these papers, any experiment performed on "dislocated" semiconductors was ex­
clusively .interpreted in terms of the Read's analysis. 

Unfortunately, the screening mechanism of the dislocation potentials initially in-
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t rduced in the Read's calculation ms chase? to ke an "extra-ionization" of the 
inpurities lccated a t  the vicinity of the dislocation lines. Such a screening mcha- 
nism has been recognized, now, not to be the m s t  efficient one. Fu&!?er rcdifica- 
tions were intrcducec? f i r s t  by Lsbusch and Schr6ter [ 4 ]  who tcck into account the 
actual screening mchanisn by the free c m i e r s  (i.e. the dielectric respnse of the 
electron collectivity). A sinplest way to  evaluate the right screening effects was 
?rows& recently in [ 5 1 by ciirect use of the dielectric function of the material. 

W i t ! !  ,~-~ch "Aeczies, Hall effect Jnd cocduztivity ma%-mts  appare3, for a very 
long time, to be the most powerEul tools to detect expximentaly energy states asso- 
ciated with dislocations. 

Mrmerous w r i m e n t s  =re then performed on covalent semiconductors. First  interests 
for the ionic 111-V capunds  caw later ,  in the 601s, with the tmrks by Baitir.ger 
arid Co [6] ,  Willoughly a d  Co [7,81 on In%. These f i r s t  studies ere interpreted 
using Read's n d e l  but tried in fact t o  establish an analogy of the 111-V cavpunds 
khaviour with covalent semiconductors. 

The exis-ce of dislccation "deep" band being well established by a c h  kind of 
tranprt msure..nents, another- natural class of experLents to be realized was 
evi&t?y hsed on optical properties of raterials. I n t e r p ~ t i n g  o?tical absrption, 
luminescence or photccon2uctivity as a result of transitions bew-~,? all the ufe- 
rent states of dislccated mter ia ls  could, in principle, bring some lcnaile2qe on the 
dislocation state syrm-etries and therefore muld allcw a mre  precise description of 
the dislocation cores. Such optical investigations *re not extensj-ve1.y used far 
111-V aqxxmds but, when done, brouqht desappinting results as fcr  instance the 
absence of luminescence asscciated with dislccation in Ga As [ 9 ]  or  just p r  s'nifts 
of the band edges ta.ards l c w r  energies in cptical absorpticn masurezents [ 10 1 [ 11 ] . 
A third class of experir;ents, based on transient e f f e e s  a t  a Schottky barrier was 
recently introduced in the view to detect dislocation levels and other characteris- 
t ics ,  as for instance the free carrier capture cross section. Here aqain not so m y  
reprts of such investigations can be found on =I-V caqun ik .  Let us just m t i o n  
a study [ I 2 1  on Ca As which,  unfortunately tends to ccnclude t o  absence of any 
deep level assmiat& with dislocations but only to same ncdi3icaticn in the strenqth 
of different p r e d t i n g  DLTS peaks. 

So, despite the wide range of experirents which could bring lcnmledge on dislccation 
energy states, it is surprising to  find out f r m  the litteratme that, contrarily to  
covalent semiconductors, not so many shp le  (or basic) observations available 
for 111-V ~ u n ~ s  ( i f  one excludes the vey recent microscpic observations Sased 
on the electrical activities of ikfects such the E.B.I.C. and C.L. rwthcdes which 
are the subjects of other papers a t  this conference) . 
Indeed, main a d  cmplexing pints distinquish t!!e ionic ccnpunds frcm the CG- 
valent semicoductors, both issuing fnm the lzck on an inversion center. 

a) Synm-etry arguments a l l o w  one to expect different behaviours for C?islocati~ns of 
equivalent lines but of oppsi te  Bcurqers vectors. This prevails as well for the 
plast ic properties as for the electronic ones. 

The mst obvious effect stays evidently in the nature of the atcms a t  the dislo- 
cation cores, whioh for edqe type dislocations are either of A or of B type de- 
p r d h g  on the Burgers y ~ c t a r  sign. Fa-g t o  distbquish between these two w s  
of dislocations, interest cam back for 111-V capunds  when it wzs "admitted" 
[ 13 1 (and is still nm ! ) that flexion e x p r h n t s  w e r e  capable to introduce se- 
lectively each kM. of A and B dislocations. This f x t  was accepted despite the 
Lack of any d i r e c t  observation of the substructure. Parallely it i s  s t i l l  always 
believed that pure uniaxial carrpression tests introduce a mixture of any A, B and 
screw dislocation secjmnts. 

Subsequent electrical r e a s u r m t s  were then dissllssed in tezm of properties of 
A or B dislocations [ 7 4 ] .  Nonetheless, relatively recent galvancmagnetic !re=- 



m t s  11 5,16,17 1 or photoconductivity mamrem?nts [I 81 were interpreted by their 
authors as shawing no electrical activity difference between A or B dislocations 
(or mre  exactly between dislccations introduced by apposite flexion aperirrents). 

b) The &her difference w i t h  the covalent case, issuing always f m  the lack of a 
symetr-y center arises from the existence of non vanishing piezcelectric effects. 
It was sham that (except for screw segm=rts) edge type dislocations must be as- 
sociated w i t h  very strong piezoelectric scattering mxhanisns [19,20 ]. Self wn- 
sistent calculations of this scattering effect on the free carriers 1211 clearly 
establish that "core" effects (assmiated w i t h  the CoulcPnb p t e n t i d  of the c.'lar- 
ged lines) can be neglected when ccmpared to this strain field mechanism. 
HakRver, flexion experimnts, which are still usually used in the view to intro- 
duce A or B dislocations, lead in principle to polmonized substructures which 
mre or less e lh inate  long range strain fields (depending on the quality of the 
built-in subgrain bouthries) .  This fact reacts Wect ly  on the efficiency of the 
piemlec t r i c  scattering and dispersion in conductivity cuves  dces occur. 

What, nevertheless, cares mt from d l  these rreasuerrents is the fact that tr-rL 
prq?erties of crystals containing edge type dislocations are coherent w i t h  the ~ L E -  

sence of deep states, the position of thek gravity center G (if  one, i n  fact ,  
deals with a multilevel systxm) can be es-ted by representing the dislocation 
S p x t m m  by only one amphoteric band. .This ~ l u e  is seen to stay in '& upper part 
of the enerqy band gap for InSb [ 22 ] . Conductivity and Hall effect are quite w11 
&scribed by piezoelectric scattering rrechanisms and occupation s ta t i s t ics  calcula- 
ted with the hypothesis of the ri~:d shift .  Screw dislocations, intrcduced by s"a- 
d a d  torsion e x p e r m t s ,  are seen to reverse the sign of the free carriers in ini- 
t i a l ly  n type InSb [ 221 ; which indicates the prese.~ce of accqtor states very near 
the top of the valence band. Nonetheless the behavwur of such levels does not seem 
to follow so w e l l  calculations based on the hypthesis of a rigid shift. 

A t t e m p t s  to detect these deep b a n 3  associated w i t h  edge type dislocations, by opti- 
cal absorp+-ion lead to  the following results [ lo]  : ~ ~ n t s  never exkiblt any 
deep band but always lead to relatively poor shifts of the band edge tmarc!s longer 

wa&lenqLhes. In the case of nomdly doped sap les  (% 1014' , the band edge 
shift increases non linearly w i t h  the dislocation density. In the case of mre 

Strongly doped crystal (1 0' this  shi f t  kumes rather independent on the dis- 
location density) . 
A l l  these observ&ions recalled in +Ls very s k ~ r t  review establish quite well that 
dislocations are prcbably a t  the origin of a multi-band system in 111-V ccmpunds. 
But m questions arise naturally from the preceeding description. 

1) Do the deformation e q x r h s n t s  used to intrcduce dislocation substructures are 
sufficiently selective to allw one t o  interpretate the electricdl ~ ~ t s  
in terms of a difference bebeen A and B dislocation effects ? 

2) Why do not w2 observe directly, by optical absorption, the deep levels deduccd 
from transport masurerents ? the contrary, what is the origin of the band 
edge shift  observed even for absorption coefficients as large as about 100 crn-l ? 

3)  Do the calculations made for evaluating the cccupation stat ist ics f i t  the obser- 
vations of any situation as long as one postulates that trapped carriers are 
strongly lccalized a t  the disl.mation lines ? 

Wmptative responses or suggestions to these questions are proposed in the follming 
sections. 



JOURNAL DE PHYSIQUE 

Direct rreasuremo-nts of the dislocation velocity h v e  establishd,  for a long t i r e ,  
+ht Cifferent A, B or screw dislccation types do not possess the saw velocities 
123,241. Such effects of the anisotropic expansion of the dislccation locps could be 
~acroscopically evi?e~ced by means of w.iaxiz.1 q r e s s i o n  tests  [ 25,261 cn In%. 
D i r e c t  obser~atiors of the evolution 05 the dislccatior, su5strcmure ~ k h  the defor- 
rstion, by X Yay Iang topography [27,28,23 ] establish definitely +=tat, a t  l e s t  for 

n type undo@ InSb (n % 1014 any cmpression t e s t  was adhieved by activation 
of always +& s m  typ= of A (or B ?) d.islccation h d f  loops, multiplykg frm sur- 
face sources. Difference between the so called "had" and "soft" cases [ 291 was sfen 
to  arise frcm the nature and quantity of zctivated glide s y s t s i  : in the soft case 
the expected prim-lry gliee system was  observed; i n  the W d  czse nmrerous seconc?;ury 
systerrs here sinrdtaneously activated. 

3ifferences &+seen the tm consqus'~t substructures muld ccrreazpr2i : i) to a dif- 
ference in the ciisiccaticn der.sities, ii) t o  a hiqher density of jogrs, in'ersecticn 
cr  reac-don in +be hard case accompawed probably h5kh a i-igheer concentration of 
pi?t def- l e f t  in the Sulk by tl-P dislocation motion. 

Qmntitative &senations of & s u b s t ~ c t u r e ,  by X Ray, shcw that in the soft case, 
k ! !  screw segrmts (existing with Lye ern Buqeers vector s i p ; )  c3uld mutually anneal 
when L,e d i s l m t i o n  densitv increased wit2.h the defomticn rzte and e s  seen 'Q sa- 

6 t.urate a t  a d s s i t y  of a b u t  10 On the other h a d  edge type segrrrnts ( k c a m  
of only one A (or B ?) type) could not  anneal since only one sen= of the Burgers 
vectar was prsserlt. ?heir density a-ed to increase sLmngly with the defonratj.on 

rate and ws evaluated by T.E.H. obs--tion to  r e x h  tnlues as large as 10 8-9 Gn2 

This kind of =bstructuze provides a qcd opp-ty to study e l e c t r i d  effems of 
edq Q p  dislccations of A (or B ?) type. 

%.hcroscopic deforrration tests  =re also perfonrd on Ga As (n qrpe 10'' an-3) & tP.e 
m =y than for InSb. Results [ 301 show the s m  mcroscpic k k v i o u r  of the 
stress-strain curves with, here aiso, t!!e cccurence of a hard and a asoft case. Al- 
though no X Ray t q q a p h i c s  cocld be made (the m e r i a l  being too much sbsorbir.g), 
masureimts of the activation pa rmte r s  indicated the same activation energies for 
the and the soft cases, hint that they result h t h  fron the glide of the s: d~ A 
(or B ?I Qp. 

-??ran these observations one enphasizes that t h i s  special Maviour is quite g-a1 
in 111-V corrpounds and tht, due to  a larqe difference betwen the glide activation 
energie of A ard B segwnts, cnly one type of these dislocations can be macroscopi- 
cally intrd~cecl in samples by wans of deformation tests. 

Ws prevails as well for flerion experkerlts for which the ccrres~onding "hard" 
sense of flexion c?oes not cones~ond to the Sevelc-nt of dislmation of c p p s i e  
t y p  than the ones corresponding to the "soft" sense of the fleuion, but wuld just 
correspond to secondary Mti -gl ide  systems of the same type than in the soft case. 

Tkis very new rem~rk allas one t o  doubt about my interpretation of the electrical 
m?aswmts in term of A and B dislocation levels. Let us just r-k that  our as- 
sumption looks tc be coherent with the recently observed "identical." electricdl ac- 
t iv i t ies  of dislccztions intrcduced by -site flexion exprine~ts [16,17,18 I. 

Diference betsee? levels at'Lributed to A and B dislazations [ I 4  ] may result f r m  
Mferences in the dislocation densities obtained a t  equivalent deformtion (or flee 
xion) rates or to  the existence of t m  nvmzous unwanted p i n t  Zefects l e f t  by the 
"hard" case deformtion x d e .  



111 - SITTERN% ELECTRIC FIELDS A S r S I A T I D  WTTI-l DISKCl'i'IBJS 

Following the pro.-msd by &ad t o  talc2 into accomt Eye e l e c t r o s ~ t i c  interaction of 
the trap- carr iers  and representing the &slocation by only one w h o t e r i c  f la t -  
h d ,  located a t  % md occupied wiL& a ra te  5. when mtral, it is easy t o  show t i u t  
the extra m u n t  of t r a m  carr iers  is given by [5] : 

wkre  D stands for  *e Sensity of atcmic sites alcng the ciislocltion, F stands for 
the Fermi level  and E* is the effective f is lccat ion e~erqy level g i n n  by 

W(nt) represerks the derivative versus of the elect,rcs"c~.tic  interaction sqiircyi ef 
the t r a s x d  carr iers .  Tnis quanti ty c m  Se evaluzted, w i t ?  a c l z s s i c d  elzctzcst~t.,c 
calculation, wixn one assmws my carrier stzicdy lccaliz2d on (but deiccalizec! 
along) t ie  Cislocation l ine.  The resultkg c k g s  l i ne  being SC~M"& by the fie? 
carriers one finds : 

where XG is the generalized screening have length m.d b +he qxcing betden atsdi: 
sites along the dislocation. 

Note t h a t  fo rmla  111-1 w i t h  'he Ciefinition of 'rl (fornula 111-3) ir.cluc?,es the rir;it 
f=e&ack eEfect Li E* t o  prevent n t  f r a n  k ing  ei tker  too pcsitivz ( z ~ c x s s  of elec- 
trons) o r  too neqative (eucess of !-olesf. For;Rlla 111-1 descrllxs hell "Lhe aqbte- 
r i c  character of the &islocation "man" hand. 

Using (111-1) for  i n C q r e t t 7 g  F d 1  &ta leads q ~ n a a l l y  t o  deep vaiues for  G. For 
instance edge dislocations in InSb a re  assisted w i t h  & w.e-rqy s ta tes  lwt_oci 
in the uppr p& of +&E enercjy &.d qap. Precise .lccalization of '$ can noc be gi- 
ben since resul ts  also depend on tka fieutrzl c c m p t i o n  r a t e  6 wi-ich caiiqot be ~ r d c  
equal t o  0.5 a s  fo r  caalfnt 60' dislocations. 

Absorption r e a s u r m n t s  on equivalent s q l e s  did not detect this deep bmd bur. only 
a s h i f t  of the c r y s t a l  band edge tmards 1- energies. 

Vzrious q l a n a t i c n s  of such sh i f t s  c m  be found in  l i t t e ra ture .  Li particular in  
31 1 , this sh i f t  is attributed to the euistznce of s t ra in  f ie lds  associated with 

dislocations, and would increase towards lower energies with increashg dislcc9tis:l 
&si t ies .  This explanation can be eliminated since, i f  true, the s h i f t  wmld occur 
wbat mUld be && initial rnrrier concentration of t!! investigated samples. 

Hobever, exp=rixer.tal resul ts  do no show a strong w i a t i o r ,  of t h i s  band edqe s h i t  
with the dislccation density when the i n i t i a l  carzier c c n ~ e n ~ a t i c n  reaches 

10l6 

Expression 111-3 cjives, when divided by the electron charqe, the <~plit:ude of the 
built  in potentials connected with the dislocation charge a t  tho dislmation core. 
These potentials extepding over a mean l e n f l ~  AG, which represents the generalj.zc?d 
Debye IIiickel screening wavelength, correspond to  very large internal e lectr ic  f ields. 
Noticeab1.e Franz-Keldysh effects can be e m t e d  f r m  so larqe fields and muld jus- 
t i f y  the observed shif ts  of the band edqcs to~iards the shortest7~avcl.cngthes. 
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Hohever, the  se l f  cons is tent  ca lcula t ion  of the W term [lo] shows t h a t  when the d is -  
location density increases, W , which s t a r t s  t o  increase proportionnaly with the  dis-  
location density,  suddenly decreases a f t e r  a c r i t i c a l  value of the dis lcca t ion  den- 
s i t y .  ? h i s  decrease corresponds t o  the  f a c t  t h a t  the  trapped carriers being more and 
mre dispersed along the  dislocation lines in t e rac t  less and less a s  soon a s  the dis-  
location density becaws suff ic ient ly  large.  This f a c t  should lead t o  a decrease of 
the amplitude of the Franz-Keldysh e f f ec t ,  which f a c t  is not observed exp=rimntally.  

Anotkr  o r i g i n  of i n t e rna l  electric f i e l d s  corresponds to piezcelec t r ic  ef fec ts .  
These f i e l d s  have been calculated t o  be the  most e f f i c i e n t  ones fo r  sca t ter ing  ef-  
f ec t s  and jus t i fy ,  qu i t e  well the conductivity measurcnrnts in In%. 

Such f i e l d s  do no decrease i n  amplitude when the dis lcca t ion  density increases, con- 
t r a r i l y  to Coulomb f ieds  associated with the  trap@ charges. bDreover, the increa- 
sinq d i s l m t i o n  density,  reducins more and m e  the  f r ee  c a r r i e r  density, leads t o  
a decrbase of the f r ee  c a r r i e r  screening e f f e c t s  drxl should co r re sp~nd  t o  an enhan- 
c m n t  of t he  piezoelectr ic Franz-Keldysh e f f ec t s .  This corresponds qual i ta t ive ly  to 
the observation of the band edge s h i f t  which 1coks.to increase quicker than the dis-  
lccation density. 

Cne therefore suqaests tha t  the observed band edge s h i f t s ,  par t icular ly  important i n  
the case of InSb, are actual ly  connected with the  existence of in ternal  piezoelectr ic 
f i e lds ,  which are spcci f ic  t o  dislocations i n  111-V (non centrwsymnrtric) ccnpunds. 
The non l i nea r  increase of the= s h i f t s  with t h e  d is l .wat ion  density corresponds t o  
an ind i r ec t  evidence o t  the d is lcca t ion  energy states which reduce, the efficiency 
of the  screening c f f ~ c t s ,  by trapping mre and more f r e e  carriers when t h e i r  density 
increases. 

Direct t r ans i t i on  f r m  the d is lcca t ion  l eve l s  towards the c rys t a l  h n d s  could not be 
&stated by op t i ca l  measurements. This can be explained by very small values of the 
optical c ross  sections associated w i t h  each d is lcca t ion  site. An a l te rnat ive  expla- 
nation could be *at such trarlsi t ions would be hidden by the important Franz-Xeldysh 
e f f ec t s .  

Optical absorption measurements in InSb [ lo]  show another indi rec t  evidence of the 
presence of deep levels  associated w i t h  dislocations.  Intraband absorption, when 
present i n  reference samples (case of suff ic ient ly  doped c rys t a l s )  lcoks t o  be re- 
duced t o  values 1-r t h a t  the  residual  absorption connected with surface e f f e c t s  
and is, therefore,  no mre observed i n  strongly deformed samples. %is can be m l y  
understocd by a reduction of the f r ee  carrier density. A t  the  f i r s t  order,  such a 
decrease of the intraband absorption has t o  be proportionnal t o  the decrease of the  
f r e e  carrier density. Calculations, based on formula 111-1 and 3, of the f r ee  car- 
rier density show tha t  the intraband absorption should be always observ~able even f o r  
stronaly deformed InSb samples. This suggests t h a t  such calculat ions,  nade by assu- 
ming that  the trapped c a r r i e r s  are strongly localized a t  the  dislocation l ines ,  look 
to under-evaluate the trapped c a r r i e r  density. 

This l a s t  remark can a l s o  be drawn out  £ran Hall e f f e c t  measurements performed on 
InSb containing screw dis locat ions  [22]. Such dis lcca t ions  are seen to bc able t o  
reverse the sign of the Hall e f f ec t ,  establishing,  t ha t  way, a strong acceptor ac- 
t i on  of screw dislocation levels ,  None-the-less, it was not  possible t o  conci l ia te  
the khav iour  of t he  conductivity and Hall e f f e c t  curves with the mcasurcrl Hall ef-  
f e c t  inversion t-rature, with help of ca lcula t ions  assuning, here again, a strong 
lccal'ization of the trapped carriers a t  the d is locat ion  l i nes .  

IV - D3 WE NEED A "DEUXXLIZATICN PAFAMEER" ? 

In order to explain the discripencies be twen. the  observed e f f ec t s  and the occupa- 
t i on  statistics calculat ions,  let  u s  simply assume that the  e l ec t ros t a t i c  interac- 
t i on  energy leads t o  a perturbation of the "dj.slccated" c rys t a l  hamiltonian which 



GVI be represented by a se l f  consistent operator i"l(nt). 

F i r s t  order p r tu rba t ion  theory provides the correction in the energy displacment 
of any crysta l  s t a te .  &presenting the dislocation s t a t e s  by the wave function QD, 
leads t o  a modification of the neutral dislocation energy level E,, given by : 

m e  corrective term represents roughly the man value of the interaction energy eva- 
luated over the extension domain of the localized states. I t  is clear  that  i f  one 
considers a strict lccalization of the ca r r i e r s  a t  the dislccation l ine ,  this cor- 
rective term does well correspond to the pure e lect ros ta t ic  energy of a screened 
charged line (formula 111-31. In any other-case, allowing trapped, a r r i e r s  not t o  
ke s t r i c t l y  localized a t  the dislocation l ine  would give a corrective the formula 
111-3 and would allow dislocations to be more charged. 

In or&r t o  evaluate the ef fec t  that  such a delmalization can have on the o c c u p -  
tion s t a t i s t i c s ,  one has [32] evaluated the electros.tatic interaction energy by as- 
s d n q  that  the t r a m  car r i e r  density around the dislocation was given by a func- 
t ion of the type : 

The parameter ro wuld  be characterist ic of the delmalization length. Within such 
an assunption the W(nt) term is given by the following formula : 

-1 
where 5 = (kG ro) 

Applied to the case of In% s h a ~  tha t ,  in  order t o  get  the r igh t  order of nngnitw.1~ 
fo r  the intraband absorption decrease, one has t o  allow t r a p p d  ca r r i e r s  t o  de1a.a- 
l i z e  on about 2 t o  3 interatcmic spacings. 

For screw disl.ccations delccal iwt ion of the order of % 20 interatomic spacings are  
needed t o  ge t  back a correct simulation of the.Hal1 e f fec t  and conductivity curves. 
?he differences In the amplitude of the delmal izat ion between "60"" and screw dis- 
locations are rather coherent with the location of the i r  assmiated energy s ta tes  
which forthe "60"" dislocation look t o  be ra ther  deep, contrarily t~ the case of 
screw for  which levels l m k  t o  stay very near above the valence band getting, that  
way, a shallow character. 
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1 )  Dislccat ion enercyy. s t a c e s  stuclies, i n  i o n i c  s a ~ i c o n d u c t o r s  a r c  r.oti.ce~Xb1.y ccrr~pli- 
c a t e d  by the  cx i s tance  o f  cli .fferent d i s l o c a t i o n  (A and B) c o r e  s t r u c t u r e s .  'I"ncre 
is,  t o  our opinion no clc'w proof which v a l i d a t e s  the flexi.on e x p c x i m t s  a s  
kina a b l e  t o  introduce s e l e c t i v e l y  t h e  wanted A o r  B dj .s lccat ions.  

2) Piezccl-ectr ic  s c a t t e r i n g  l m k s  t o  k e  t h e  preeminent s c a t t e r i n g  ~;?cchanisn. But its 
e f f i c i e n c y  d e p n d s  on hm much t h e  dis l .ccat ion subs t ruc ture  is plycjonized o r  no t .  
Th1.s f a c t  l eads  t o  discrip,w.ci.es in conduct ivi ty  twasurcwnts .  Wreover ,  tkese 
f i e l d s  l m k  t o  k pr~?cr,inent ones,  a s  conpared wi th  t h e  Coulornb f i e l d ,  t o  i n t i ~ c e  
the Franz-Kel.dysh e f f c c t s  observed a t  t h e  band edge of  InSb. 

3) k c u p a t i o n  s t a t i s t i c s  c;ilczllations show t h a t  even tua l  delocal . izat ion of  t h e  
t ~ r a p ~ ~ d  carriers around the dis3.ocat.ion l i n e  can be considered, SF-ial1.y when 
d i s l c c a t i o n  energy states a r e  very near t h c :  c rys ta l .  bands and ccnscyucntly extend 
over  a 1.arge a r e a  of  the surrounding "per fec t"  c r y s t a l  l i k e  shallow states. 
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